The newly discovered BiS 2 -based LaO 1−x F x BiS 2 (x=0.5) becomes superconductive at T c =2.5 K. Electrical resistivity and magnetization measurements are performed under pressure to determine the pressure dependence of the superconducting transition temperature T c . We observe that T c abruptly increases from 2.5 K to 10.7 K at a pressure of 0.7 GPa. According to high-pressure X-ray diffraction measurements, a structural phase transition from a tetragonal phase (P 4/nmm) to a monoclinic phase (P 2 1 /m) also occurs at around ∼ 1 GPa. We consider that a pressure-induced enhancement of superconductivity is caused by the structural phase transition.
with T c ∼10.5 K was synthesized by first synthesizing BiS 2 LaO 0.5 F 0.5 (AP) and then performing additional annealing under high pressure ('HP'). In a recent study of highpressure measurements of LaO 0.5 F 0.5 BiS 2 (HP), the T c was shown to increase from 9.6 K under ambient pressure to 10.5 K under 1 GPa, which then gradually decreased with application of pressure beyond 1 GPa 9 . It is strange that LaO 1−x F x BiS 2 has been shown to have two different T c values with the same x value. Therefore, in this letter, we first applied pressure to LaO 0.5 F 0.5 BiS 2 (AP) at a low T c (=2.5 K) and investigated the pressure dependence of T c and the crystal structure to compare two kind of materials, AP-and HP-processed LaO 0.5 F 0.5 BiS 2 .
EXPERIMENTAL DETAILS
A polycrystalline sample of BiS 2 LaO 0.5 F 0.5 (AP) was synthesized using a solid-state reaction at ambient pressure 1, 2 . Electrical resistivity measurements under a varying hydrostatic pressure (pressure medium: Daphne TM 7474) up to 3 GPa were performed using a standard four-probe method in a piston-cylinder-type pressure cell. Further external pressure up to 18 GPa was applied using a diamond anvil cell (DAC). In this case, the sample chamber was sealed with an Re gasket and filled with powdered NaCl as a pressure-transmitting medium. 10 . DC magnetization measurements were carried out for BiS 2 LaO 0.5 F 0.5 (AP) samples up to 1 GPa using a SQUID magnetometer (Quantum Design, MPMS-XL7) with a piston-cylinder cell (pressure medium: Daphne TM 7474) 11 .
The superconducting temperature of lead (2.6 mg) mounted with the sample (29 mg) was used as a manometer to check the pressure.
To investigate the crystal structure of BiS 2 LaO 0.5 F 0.5 (AP), a Rigaku D/MAX 2000 X-ray diffractometer with a conventional MoK rotating anode generator (Rigaku, Co.
Ltd., normal focus, 40 kV/50 mA, =0.7107Å) was used at room temperature, using the DAC with a pressure-generating membrane and a 60-µm-thick stainless-steel gasket.
The powder sample was loaded into the gasket hole (diameter 0.3φ) with Daphne To study T c (P ) up to 1 GPa precisely, magnetization measurements were performed using an MPMS SQUID magnetometer with a piston-cylinder cell. Figure 2 shows the DC magnetization for LaO 0.5 F 0.5 BiS 2 (AP) under various pressures. To estimated the volume fraction under pressure, the magnetization is normalized by a volume fraction for the superconducting transition of lead, which is also the pressure manometer. In Figure   2 , the magnetization for the superconducting transition of lead, appearing within 6-7 K was erased. The Meissner effect for LaO 0.5 F 0.5 BiS 2 (AP) has been confirmed at the onset T c 2.6 K at ambient value, which is also the same T c determined by electrical resistivity measurements (Inset of Fig. 2 ). At 0.59 GPa, the T c shape becomes broader than the T c shape at lower pressure. Another T c appeared near 10.7 K at the same pressure.
Above 0.7 GPa, the T c near 2.6 K completely disappears. The pressure where T c =2.6 K disappears is defined as P c . While the superconducting volume fraction decreases with applied pressure of P < P c (Inset of Fig. 2 ), it increases when P > P c (Fig. 2) . The volume fraction for higher T c values when P > P c is 10 times higher than that for the lower T c values when P < P c . The difference of volume fractions of T c below P c and above P c corresponds to that between AP and HP.
1 .
The P -T c phase diagrams determined by both the magnetization and the electrical resistivity are shown in Fig. 3 temperature. We assign a tetragonal structure (P 4/nmm) to the ambient pattern with lattice parameters of a=4.0877 and c=13.4703Å. 1 As shown in Fig. 4(a) , a splitting near 24
• appears in the diffraction pattern at 0.85 GPa, which develops with additional applied pressure. Above 1.5 GPa, LaO 0.5 F 0.5 BiS 2 undergoes a complete structural phase transition from the tetragonal phase to an another structure.
Analysis of the powder pattern was performed with Accelrys Materials Studio (MS)
Reflex software. We confirmed the crystal structure of the AP phase to be a tetragonal P 4/nmm, as previously reported, which was stable up to about 0.8 GPa. The structure under a pressure of P ≤ 0.4 GPa is shown in Fig. 5(a) .
These results produced a monoclinic lattice candidate. Rietveld fittings for the HP phase in several experimental runs were not very good, likely because of lattice strain after the phase transition (Fig. 6) . Therefore, we optimized the atomic positions by using density functional theory (DFT) calculations; specifically, we fixed the lattice constants to the results of Rietveld analysis by Accelrys CASTEP software.
14 In this analysis, we used the PBEsol (Perdew-Burke-Ernzerhof for solids) exchange-correlation functional, a generalized gradient approximation (GGA), citePerdew2008 with ultrasoft pseudopotentials. 15 The energy cut-off for the plane wave basis set was 380.0 eV. The SCF energy tolerance was set to 5×10 −7 eV per atom. The Monkhorst-Pack grid separation 16 was set to approximately 0.03Å −1 . For geometry optimization, the total energy convergence tolerance was 3.0×10 −6 eV per atom, with a maximum force tolerance of 0.007 eV/Å, a maximum displacement of 3.0×10
, and a maximum stress tolerance of 0.01 GPa.
Using these parameters, we obtained a monoclinic P 2 1 /m model, as shown in Fig. 4 (b) .
The powder patterns we obtained for both Non-F doping (x=0) and F-doping (x=0.5) From these Rietveld analysis, the pressure-generated diffraction profile fits best to a monoclinic phase with a space group P 2 1 /m. The pressure-induced phase transformation is generated at 0.8∼1.5 GPa, which corresponds to P c . The lattice parameters b and c for monoclinic structures gradually separate with applied pressures up to 8 GPa.
Additionally, a small volume change occurs at P c as shown in Fig. 4(c) . In the pressure region P < P c for the tetragonal phase, the isothermal compressibility of the unit cell volume can be calculated by a first pressure derivative of unit cell volume, which is estimated as −d(V /V 0 )/dP =0.0089 GPa −1 (bulk modulus 112 GPa), where V 0 is the unit cell volume at ambient pressure. In the pressure region P > P c for the monoclinic phase, the unit cell volume gradually decreases with application of pressure up to 10
GPa. This structural phase transition is also induced in the LaOBiS 2 sample, which will be expanded upon in a later report. 17 Therefore, we conclude that the structure at higher pressures (P >0.7 GPa) with T c =10.7 K is monoclinic. Another important point is that LaO 0.5 F 0.5 BiS 2 (AP) is superconductive for both the tetragonal structure below P c and the monoclinic structure above P c . Thus, the phase transition at P c indicates a pressure-induced superconducting-superconducting transition similar to transitions in CaC 6 (P c =10 GPa) and Bi (P c = 8 GPa). ?, 19 This structural change gives an important effect on the superconducting BiS 2 layer to cause a T c rise. As described in reports on FeAs-layered materials 20 , the bond angle of As-Fe-As in the superconducting FeAs layer influences T c . This BiS 2 -layered material may also have an important structure parameter that determines T c , similar to the bond angle in FeAs-layered materials. If we can control this structural parameter for BiS 2 -layered materials by using chemical
Summary
We performed electrical resistivity, magnetization, and X-ray diffraction measurements on a new BiS 2 -layered compound LaO 0.5 F 0.5 BiS 2 (AP) under pressure to determine the P -T c phase diagram up to 18 GPa. T c greatly increases from 2.6 K to 10.7 K at an applied pressure of 0.7 GPa, where a structural phase transition from a tetragonal (P 4/nmm) to a monoclinic (P 2 1 /m) structure occurs. Additionally, a T c value of 10.7
K in the high-pressure regime (P c >0.7 GPa) appears in the monoclinic structure. The maximum T c 10.7 K for AP processing with the monoclinic structure is comparable to its T c 10.6 K for HP processing under ambient pressure and high pressure 7, 9 . Therefore, the HP-processed LaO 0.5 F 0.5 BiS 2 (HP) may contain the monoclinic phase.
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